One of the most important threats for open peat bog ecosystems is encroachment of woody species, which causes transformation of habitat conditions and leads to retreat of specialised species. Drainage increases the rate of succession. The aim of study is the assessment of human-accelerated succession in a transitional bog. The study was conducted in 'Mszar Bogdaniec' nature reserve (W Poland). The structure of vegetation and tree stands was described and compared using ordination methods. Near the peat bog border, tree stands of Betula pubescens developed. Towards the middle part of the peat bog, the number, cover and height of trees decreased. The central part of the peat bog was covered by Sphagno recurvi-Eriophoretum vaginati in dryer parts and Sphagno recurviEriophoretum angustifolii in wetter parts. The study showed that the successional sequence in these conditions differs from the classical bog succession scheme. Despite high propagule pressure of Pinus sylvestris, the most important woody species was B. pubescens, which performed better than other species. Erechtites hieracifolia, an alien invasive herb species, which previously was rarely recorded in bogs, appeared when the bog was dried by drainage. In this study, it reached high frequency and abundance, which shows that it may be a next serious threat to disturbed wetland ecosystems.
the catchments and maintain high groundwater table levels (Council National Research 1995; Ilnicki 2002) . Specific conditions in peat bogs create unique habitats for a precious species of organisms, some of which are endangered at regional or global scales (Ellenberg 1988; Council National Research 1995; Ilnicki 2002; Żurek 2006; Parish et al. 2008; Schumann and Joosten 2008) . As a result of their narrow ecological niches, plant cover is the peat bog ecosystem's element most sensitive to environmental changes (Ellenberg 1988; Schumann and Joosten 2008) .
Succession of woody plants in peat bogs is a very important element of vegetation development and determines shifts of plant formation. Its rate, which is low during primary succession in intact peat bogs (Ellenberg 1988; Faliński 1988; Ilnicki 2002; Joosten and Clarke 2002; Parish et al. 2008) , depends on hydrological regime (Ellenberg 1988; Herbich and Herbichowa 2002; Joosten and Clarke 2002; Herbichowa et al. 2007) . As trees grow larger, they transpire increasing amount of water, contributing to further lowering the groundwater table, which supplies the peat bog (Parish et al. 2008; Fay and Lavoie 2009; Talbot et al. 2010) . Moreover, by shading, trees modify light conditions, which significantly influence the floristic composition of understory -the species with high light requirements decrease and are replaced by species with wider ecological tolerances (Kollmann and Rasmussen 2012) . Catotelm penetration by root systems of trees also allows oxygen to enter, thus increasing the rate of peat mineralisation in the deeper layers of the peat bog (Herbichowa et al. 2007) .
Woody species encroachment into peat bogs is often the result of hydrological changes, due to human activity connected with land use transformation, as well as peat mining. In these cases, the limiting factor -high groundwater table level -is reduced, which results in rapid emergence of dense undergrowth layers and increased growth increments of trees (Macdonald and Yin 1999; Kujawa-Pawlaczyk and Pawlaczyk 2005; Herbichowa et al. 2007; Woziwoda and Kopeć 2014) . Sarkkola et al. (2010) found that in drained peat bogs, transpiration by tree stands was the main component of water balance and groundwater table level depended on tree stand volume. The higher the tree stand volume, the lower the groundwater table level due to higher transpiration rate. Fay and Lavoie (2009) proved that spontaneous encroachment by birches (Betula spp.), seriously influenced hydrological relationships of drained peat bogs, by increasing the water deficit as a result of transpiration. Species from the genus Betula have transpiration rates two to three times higher than other deciduous species, for example, Quercus spp. or Fagus spp. Comparing with conifers (e.g. Pseudotsuga spp., Pinus spp., Picea spp.), these differences may be even sevenfold (Kozlowski and Pallardy 1997) . Among Polish tree species, only Populus spp. have daily amounts of transpired water higher than Betula spp. (Szaniawski 1979) .
So far, most of the published papers concerning the encroachment of trees and shrubs into peat bogs were focussed on phytocoenotic aspects. For example, in NE Denmark, vegetation changes of degraded peat bog have been observed since 1844 and the share of species with high water and light requirements (typical to wetland ecosystems) decreased while the number of woody species increased (Kollmann and Rasmussen 2012) . Similar phenomena were observed in other transformed peat bogs (Jasnowski 1962; Herbich 2001; Herbich and Herbichowa 2002; Herbichowa et al. 2007; Haapalehto et al. 2010) . However, in intact peat bogs in Sweden, Gunnarsson et al. (2002) also found encroachment of woody species, but they did not find negative impacts on the studied ecosystem. Moreover, they claimed that the appearance of woody species increased the heterogeneity of spatial structure and species composition of the peat bog. They also found higher plant species richness in plots where trees were recorded, caused by creation of new microhabitats suitable, e.g. for shade-tolerant species. However, they did not supply any information about density and diameters of these trees.
Data coming from phytosociological relevés do not provide full information about plant community structure and its transformations. For this reason, assessment of the progress of tree stand development is difficult. Only a few papers have supplied data about basic tree stand parameters (i.e. basal area and tree stand density) along the successional gradient. Czerepko (2010) studied changes in tree stand structure of raised bogs after 35 years. Sarkkola et al. (2003 Sarkkola et al. ( , 2004 ) studied changes of structures of Scots pine (Pinus sylvestris) tree stands growing on drained raised bogs in Finland. There is a lack of papers merging data about tree stand structures with species composition of plant communities. Only Laine et al. (1995) used tree stand volume as an environmental factor in direct gradient analysis of understory vegetation. Most understory species typical for ombrotrophic bogs were negatively correlated with total stand volume and Betula volume.
The aim of this study is (1) to assess the direction of the human-accelerated secondary succession in a raised/transitional bog and (2) to compare two research approaches for identifying vegetation changes of peat bogs: classical phytosociological method and dendroecological approach, considered as a joint phytosociological relevés and biometrical measurements of tree stand parameters.
MAterIAl And Methods

Study area
The study was conducted in the 'Mszar Bogdaniec' nature reserve. This place was chosen due to known human impact history and available study of plant cover and soils (Maciantowicz et al. 1999) . The 'Mszar Bogdaniec' nature reserve is located in West Poland (51°40'35''N; 17°21'19''E) and covers an area of 21.98 ha, including 4.95 ha of peat bog (Zarządzenie 1995; Maciantowicz et al. 1999) . The reserve was established in 1995 for conservation of the raised/transitional bog and breeding sites of wetland birds (Zarządzenie 1995) . The bog is located in local low ground without outflow, on impervious substrate. This area was drained in the beginning of the 20 th century by the owners by preparing a ditch around the peat bog and two discharge ditches across the bog. In the second half of the 20 th century, in the SE part of the bog, ridges were prepared and Scots pine was planted (Maciantowicz et al. 1999) . The forests surrounding the bog are secondary forest plant communities with Scots pine and invasive black cherry (Padus serotina) and with Scots pine and Norway spruce (Picea abies).
Methods
Phytosociological inventory
In September 2012 and 2013, 29 phytosociological relevés were conducted in the most frequent vegetation types occurring in the study area (Figure 1 ). The relevés were conducted using standard Braun-Blanquet method in homogenous plots with an area depending on the level of community organisation from 2 to 100 m 2 . Their localities were chosen subjectively in the 
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Phytosociological inventory
Dendroecological inventory
Border of the nature reserve most frequent and representative for the studied area vegetation types after field recognition. Plant communities present on relevés were determined based on the criteria of Ratyńska et al. (2011) . Relevés from this inventory were deposited in the Polish Vegetation Database (Kącki and Śliwiński 2012) .
In September 2013, a transect was established along the longest chord of the bog. Square (10 × 10 m) experimental plots were established every 30 m along the transect. In total, 12 plots were established (Figure 1) . Therefore, location of plots was systematic and independent of human preferences. In each plot, diameter at breast height (1.3 m; DBH) was measured for all trees and shrubs with DBH higher than 5 cm. All trees with height above 1.3 m and with DBH lower than 5 cm were counted to measure the tree stand density. In each plot, a 25 m 2 subplot was randomly selected to measure the natural regeneration and conduct a phytosociological relevé of understory. Natural regeneration was counted in four height-age classes: plants younger than 1 year, 1-year-old plants, 2 years and older plants lower than 0.5 m and older plants with height between 0.5 and 1.3 m. Phytosociological relevé was conducted only for understory layer (herbaceous and moss layer) and opposite to phytosociological inventory, their locality was independent. Thus, plant community homogeneity criterion had not been taken into account. However, in all plots, understory plant community was homogenous. Plant communities were determined based on the criteria of Ratyńska et al. (2011) .
Data analysis
For results of each inventory, detrended correspondence analysis (DCA) was conducted. For both inventories, cover of vegetation layers, Ellenberg's ecological indicators (Ellenberg and Leuschner 2010) and species richness were fitted as passive variables using permutation tests (999 iterations) to test correlation coefficient (R 2 ) and statistical significance. Statistically significant (p < 0.05) environmental variables were plotted on the DCA graphs. In addition, for results of the dendroecological inventory, basal area and density of the tree stand were also fitted. All analyses were performed in R software (R Core Team, 2013) , using the vegan library (Oksanen et al. 2013) .
results
Different plant communities in the study area were recorded independently of the type of inventory (whether phytosociological or dendroecological). Areas around the border of the peat bog were covered by stands of Betula pubescens trees with admixture of B. pendula and Frangula alnus. The number, cover and height of trees decreased towards the middle of the bog. The central part of peat bog was covered by Sphagno recurviEriophoretum vaginati in drier parts and Sphagno recurvi-Eriophoretum angustifolii in wetter parts.
Phytosociological inventory
Seven plant associations were recorded (names of associations in bold) in the peat bog: In the 29 relevés, 37 species of plants (including woody species) were recorded. DCA analysis showed the diversity and relationships among plant communities studied ( Figure 2 , Table 1 ). On the left side of ordination space there are points representing Vaccinio uliginosi-Betuletum pubescentis and Sphagno recurviEriophoretum vaginati. These associations are distinguished by high shrub cover, which is correlated with the position of these plant associations in the ordination space. Points representing associations that occurred in the wetter parts of the bog (Sphagno recurvi-Eriophoretum angustifolii and Sphagno-Juncetum effusi) are located in right side of the ordination space. Nearby are two associations of reeds: Scirpetum lacustris and Phragmitetum communis, which were recorded in the discharge ditches. The point representing RanunculoJuncetum bulbosi was the most isolated from other associations. Mean values of Ellenberg's fertility indicator increases from wetter to drier plant communities. Mean Ellenberg's light indicator is strongly correlated with DCA1 axis, differentiating plant associations into variants with differing proportions of species with higher light requirements. The vector representing species richness was correlated with vector representing shrub cover.
The most extensive plant communities represented initial stages of bog birch forest -Vaccinio uliginosiBetuletum pubescentis. These communities occurred in the relatively dry external part of the bog. The tree stands were dominated by B. pubescens with an admixture of B. pendula, F. alnus, and rarely -P. sylvestris. In the understory, the most frequent species were Molinia caerulea, Vaccinium myrtillus and natural regeneration of species occurring in the tree layer. In the moss layer, the most frequent species were Sphagnum fimbriatum and Pohlia nutans. Further from the bog's border, the most frequent association was Sphagno recurvi-Eriophoretum vaginati. In this association, E. vaginatum dominated the community structure. Between the clumps of E. vaginatum there were frequent and abundant natural regeneration of birches, Scots pine and F. alnus. Frequent accompanying species were E. angustifolium and invasive Erechtites hieracifolia. In the wetter, central part of peat bog, there were two associations from the Scheuchzerio-Caricetea class: Sphagno recurvi-Eriophoretum angustifolii and SphagnoJuncetum effusi. In the former, E. angustifolium dominated the community structure, with an admixture of Hydrocotyle vulgaris, less abundant E. vaginatum 
Dendroecological inventory
Five plant associations were found: Vaccinio uliginosi-Betuletum pubescentis (5 plots), Scirpetum lacustris (1 plot), Sphagno-Juncetum effusi (1 plot), Sphagno recurvi-Eriophoretum angustifolii (2 plots) and Sphagno recurvi-Eriophoretum vaginati (3 plots). On the 12 plots, 24 plant species were recorded. Woody species were present on 10 of the 12 plots, including one on which only dead trees were recorded (B. pendula and P. sylvestris). Trees and shrubs were lacking in the shrub layer (over 50 cm of height) in Scirpetum lacustris, Sphagno-Juncetum effusi and one of two plots with Sphagno recurvi-Eriophoretum angustifolii. On the other plots (9 of 12), a shrub and tree layers were in 5 of 12 plots. The highest density of trees and greatest basal area was on plots with Vaccinio uliginosi-Betuletum pubescentis (2,100 to 10,100 ind. ha -1 and 0.6554 to 9.7145 m 2 ha -1
, respectively). The highest densities of natural regeneration were of B. pubescens (present in 9 of 12 plots, 400-534,400 ind. ha -1 ) ( Table 2 ). Natural regeneration of F. alnus occurred in 7 of 12 plots (2800-152,000 ind. ha ). The highest densities of natural regeneration of all species were on plots with Vaccinio uliginosi-Betuletum pubescentis. ) were recorded only on one plot. Natural regeneration of B. pubescens was more abundant near the NW border of the peat bog than near the SE border. Density of natural regeneration was highest in the NW part of the bog on the first two plots with the highest tree densities. First class (seedlings, <1-year-old trees) reached 76,400 and 447,200 ind. ha ). On plot no. 3, all classes of B. pubescens natural regeneration were present, but the density of 2 nd and 3 rd classes were higher than first and fourth. On plots of Vaccinio uliginosi-Betuletum pubescentis from the SE part of the bog (plots no. 11 and 12), densities were lower -from 0 to maximally 4800 ind. ha -1 , and the fourth class was not recorded. On plots with Sphagno recurvi-Eriophoretum vaginati, the densities of B. pubescens natural regeneration were lower: from 400 to 1600 ind. ha -1 in each class, but the fourth class (older than 2 years and higher than 50 cm) was not recorded. Natural regeneration of F. alnus had similar densities: the highest values in Vaccinio uliginosi-Betuletum pubescentis, the lowest in Sphagno recurvi-Eriophoretum vaginati, and no natural regeneration in other plant associations.
DCA conducted for relevés from the dendroecological inventory showed grouping of the relevés along DCA1 axis (Figure 3, Table 3 ). On the left side of the ordination space, there are points representing two plant associations: Vaccinio uliginosi-Betuletum pubescentis and Sphagno recurvi-Eriophoretum vaginati, which are correlated with higher tree stand density and basal area. Points representing associations typical for transitional bogs from Scheuchzerio-Caricetea (Sphagno-Juncetum effusi and Sphagno recurvi-Eriophoretum angustifolii) are located in the right side of the ordination space. Furthest right was a point representing the reed community -Scirpetum lacustris. The vector representing the shrub layer cover is correlated with tree stand parameters (density and basal area) as well as species richness. All these parameters reached the highest values in Vaccinio uliginosi-Betuletum pubescentis. The Ellenberg's light indicator is negatively correlated with these parameters. Table 3 . DCA: detrended correspondence analysis In the external part of the bog, there were Vaccinio uliginosi-Betuletum pubescentis, young tree stands with B. pubescens, B. pendula and F. alnus. This last species had twice the density of B. pubescens in the NW part of the bog and was absent in SE part of the bog, where P. sylvestris occurred as a result of former forest management (in plot no. 12). The most abundant understory species were M. caerulea, E. vaginatum and E. hieracifolia together with natural regeneration of trees and shrubs. In the moss layer, the most frequent and abundant species were S. cuspidatum, S. fimbriatum and P. nutans. Further from bog's border occurred Sphagno recurvi-Eriophoretum vaginati, dominated by clumps of E. vaginatum, with accompanying E. hieracifolia. The wetter part of peat bog (near the discharge ditches) was occupied by Sphagno-Juncetum effusi and Sphagno recurvi-Eriophoretum angustifolii, the moss layer was poorly developed and herbaceous layer species from Scheuchzerio-Caricetea dominated: E. angustifolium, J. effusus and H. vulgaris. These species were also accompanied by E. hieracifolia. Natural regeneration of trees and shrubs were not abundant. In the cross of the discharge ditches (plot no. 7; Figure 1 ), a reed community -Scirpetum lacustris occurred.
Comparison of results from both inventories
The dendroecological inventory recorded 24 species in 12 relevés, while the phytosociological inventory recorded 37 species in 29 relevés. In total, 22 species were common to both inventories. Species composition of recorded plant communities was similar, independently on sampling protocol -whether plots were chosen subjectively or systematically. The points representing the same plant communities in DCA analyses for both inventories were similarly located: on the left side of the ordination space were Vaccinio uliginosi-Betuletum pubescentis and Sphagno recurvi-Eriophoretum vaginati and other plant associations were on the right side. Tree stand parameters (density and basal area) measured during dendroecological inventory were correlated with DCA results explaining 56 and 65% of species composition variability of studied plant communities in DCA ordination space.
dIscussIon
A successional gradient from open peat bog communities to relatively dry forest associations was observed in the study area for both inventory methods. In the driest part of the bog (near borders), tree stand parameters (density and basal area) as well as density of natural regeneration of trees and shrubs were highest. The wetter part of the peat bog had lower tree stand parameters (basal area and density) and natural regeneration densities.
Encroachment of the trees and shrubs on peat bog
In the peat bog, the first woody species to enter were B. pubesens and F. alnus, however, the latter species gave way to B. pubescens. Scots pine appeared only in SE part of the bog, however, its presence was an effect of former planting (Maciantowicz et al. 1999) . The survival of Scots pine seedlings in all experimental plots was low. Most likely, this was an effect of lower competition abilities of Scots pine in conditions of drained transitional bog with expansion of herbaceous plants (e.g. M. caerulea, E. vaginatum) as well as woody species with higher rates of height increment (B. pubescens, F. alnus). These conditions cause lower light availability, due to high density and cover of shrub and herbaceous layers. Freléchoux et al. (2003) , studying mountain bogs in Switzerland, found that communities with B. pubescens compose an intermediate stage of succession between open raised bogs and Norway spruce forests. This intermediate stage is a relatively persistent plant community. It can be assumed that B. pubescens is a species facilitating entering late-successional species by habitat modification: shading, decreasing groundwater table level and increasing nutrient availability (Johansson 1995; Kozlowski and Pallardy 1997; Fay and Lavoie 2009) . Cohorts of F. alnus and B. pubescens seedlings appear at the same time, however, B. pubescens is able to grow under a canopy (Zarzycki 1979; Czerepko 2010) and F. alnus facilitates the survival of B. pubescens in the first year. Due to the different rates of height increment, after several years, B. pubescens overgrows F. alnus and dominates the young forest canopy in the initial stage of Vaccinio uliginosi-Betuletum pubescentis.
High densities of B. pubescens natural regeneration are a result of habitat availability, however, few trees reach heights above 50 cm. Although, lowering the groundwater table and partial peat mineralisation increases habitat availability for trees (Limpens et al. 2003; Herbichowa 2004) , seedlings in the inner part of the bog most often lose in competition with expansive herbaceous species, that is, M. caerulea and E. vaginatum. M. caerulea is an especially expansive species, which in conditions of lowering groundwater table and increased nitrogen availability, may become a dominant component of vegetation in extensive areas (Limpens et al. 2003; Herbichowa 2004 Herbichowa , 2005 Tomassen et al. 2004) , which limits the light availability for seedlings of trees and shrubs. At the border of the bog in conditions of more mineralised peat, the presence of tree stands and deeper drainage cause higher survival probability for seedlings. Sarkkola et al. (2004) , based on their observations from permanent plots, argued that higher survival probabilities and better conditions for development of seedlings and saplings occur during the first 20 years after drainage.
Presence of dead B. pendula and P. sylvestris specimens in some of plots may be an effect of temporal groundwater variability connected with various precipitation in previous decades. It may reflect the germination-dying off concept (Eckstein et al. 2011) typical for undisturbed mires. According to this concept, dead trees may be remains of tree stand, which emerged in an optimal hydrological phase (i.e. few years with lower groundwater table level) and after some years, with higher precipitation, these trees died. Information about fluctuations in tree stand cover in 'Mszar Bogdaniec' was also supplied in Maciantowicz et al. (1999) . It may show that even in a drained bog, processes determining population dynamics of trees occur in a similar way. However, this assumption needs further research, especially because most of the dead trees were found in the SE part of the bog where ridges were prepared for pine plantation and it could influence hydrological conditions in this part of bog, which may also explain spatial variation in natural B. pubescens regeneration.
Model of succession in the drained transitional bog
The successional gradient, observed by the dendroecological inventory, has shown how the relationship between tree stand parameters and succession progresses. In drained plant communities typical for transitional bog (from class Scheuchzerio-Caricetea: Sphagno-Juncetum effusi and Sphagno recurvi-Eriophoretum angustifolii) or for raised bog (recorded in previous study as Sphagnetum magellanici (Maciantowicz et al. 1999) , these plant communities transform into a species-poor association of Sphagno recurviEriophoretum vaginati, which is typical for degraded and drained raised bogs (Jasnowski 1962; Herbichowa 2004; Ratyńska et al. 2011) . In this plant association together with further lowering of the groundwater table, the conditions promote establishment of M. caerulea, F. alnus and B. pubescens. In this stage, the growth of F. alnus and B. pubescens leads to the formation of a dense shrub layer. The increasing shrub layer cover with decreasing moisture was described for example by Gunnarsson et al. (2002) , Fay and Lawoie (2009) and Talbot et al. (2010) . The shrub community creates conditions more suitable to higher incremental growth of B. pubescens, which starts to create dense tree stands that can replace F. alnus. This is a result of the dynamics of B. pubescens height increment in the first year of life and higher maximum height of B. pubescens. Massive occurrence of B. pubescens causes feedbacks -due to high efficiency of foliage; its transpiration rate is very high (Szaniawski 1979; Kozlowski and Pallardy 1997) , which leads to further drainage (Herbichowa et al. 2007; Parish et al. 2008; Fay and Lavoie 2009; Talbot et al. 2010) . This positive feedback between shrubs and trees in boreal peat bogs was also described by Holmgren et al. (2015) .
This case study is different from the classical scheme of succession in raised bogs. This scheme includes massive entering of Scots pine and a stage of pine bog forest Vaccinio uliginosi-Pinetum, as an important phase of succession (Jasnowski 1962; Ellenberg 1988; Herbich 2001; Herbich and Herbichowa 2002; Herbichowa et al. 2007; Czerepko 2010 Czerepko , 2011 . The lack of the Vaccinio uliginosi-Pinetum stage and even plant communities referring to this stage, both in this study as well as in historical materials (Maciantowicz et al. 1999) , suggests another course of succession. Although, the size of propagule bank in the nearest neighbourhood is sufficient (bog is surrounded by tree stands of Scots pine), this species' survival is low and it is not numerous. It may suggest that in conditions of strong peat mineralisation and release of nitrogen (Maciantowicz et al. 1999) 
Differences in floristic composition of understory in successional stages
In the late-successional stages, the number of species typical to bogs was lower than in early-successional stages. Czerepko (2011) found that the share of species typical for bogs decreased and share of species typical for coniferous forests increased over the past 35 years in bog pine forests (Vaccinio uliginosi-Pinetum) of NE Poland. Based on data from the dendroecological and phytosociological inventories, this study showed differences in floristic composition of the plant associations studied. Although, the species richness increased along a successional gradient, the number of species typical for bogs did not increase. Moreover, in Vaccinio uliginosi-Betuletum pubescentis, the cover of M. caerulea was high and in the future, may dominate the floristic composition of the forest decreasing the species richness (due to dominancy and competition). This species is also an indicator of drainage and degradation of this plant association in natural habitats (Jasnowski 1962; Ellenberg 1988; Herbich 2001; Herbich and Herbichowa 2002; Herbichowa 2004) .
In addition to native species not typical for bogs entering the plant community, attention should be paid to invasion of E. hieracifolia. This species comes from North America where it is a common and important weed (Darbyshire et al. 2012) . Although this species was rarely recorded in wetland ecosystems and Chmura (2004) did not find it in raised bog, Orlov and Yakushenko (2011) and Koczywąs et al. (2012) provided information about some occurrences in bogs. Also, Tokarska-Guzik et al. (2009) and Koczywąs et al. (2012) found the species in reed communities and along streams. In the area studied by us, E. hieracifolia had its ecological optimum in degraded raised/transitional bog plant associations: Sphagno recurvi-Eriophoretum vaginati and Sphagno recurvi-Eriophoretum angustifolii, reaching cover up to 25% and high frequency. It also appeared in a clearing near the nature reserve in which the study took place and in the neighbouring (c.a. 1 km) 'Baszków' nature reserve (Gdula et al. 2014) . Its habitat preferences in invaded range include clearings and forest paths in habitats of coniferous and mixed coniferous forests (Chmura 2004; Orlov and Yakushenko 2011; Koczywąs et al. 2012) , which are considered to have similar fertility range to plant associations where E. hieracifolia had its optimum in this study (Ratyńska et al. 2011 ). This may show that E. hieracifolia may be especially problematic to drained transitional bogs and due to its quick expansion and recent manifestation of invasiveness (Chmura 2004; Orlov and Yakushenko 2011; Koczywąs et al. 2012) , all localities of this species should be monitored.
Comparison of dendroecological and phytosociological approach
Compared with classic phytosociological inventories, dendroecological inventories provide important additional data about tree stands, which are correlated with the data on plant communities, although phytosociological relevés provide information about presence and abundance of woody species. Moreover, data about vegetation layers cover may be a base to discuss vegetation changes connected with encroachment of woody species into non-forest habitats. However, dendroecological approach provides more data, which allow to more precise assessment of succession progress and using data about trees increments may be useful to predict the strength of vegetation changes in future. Similarly to Laine et al. (1995) , data about tree stands were strongly correlated with the diversity of plant communities. Due to this information, the strength of woody species expansion and progress of succession could be quantified. Based on tree stand data, it will be possible to predict the near-future direction and dynamics of successional processes. Updating data about species composition of plant communities by tree stand parameters will help assessing the progress of succession and projecting management and conservation guidelines.
conclusIons
In the drained raised/transitional bog in 'Mszar Bogdaniec' nature reserve, we can observe human-altered succession -encroachment of woody species and formation of a forest plant community dominated by B. pubescens. This succession goes from communities typical for raised and transitional bogs by its degenerated form typical for drained sites -Sphagno revurvi-Eriophoretum vaginati, to shrubs with F. alnus and B. pubescens. Due to different dynamics of height increment in the first year of life of these two species, B. pubescens is able to grow under the canopy of F. alnus and overtop it over a period of several years. Tree stand parameters (density and basal area) are important variables, which explain species composition of a variety of plant communities. This data may be provided by dendroecological inventory and allows prediction of further successional progress. The successional pathway documented in this study is different from the classic scheme woody species entering drained bogs. It may show that in conditions of transitional bogs, Scots pine is not able to compete with herbaceous and woody competitors and species with higher trophic requirements, so that B. pubescens becomes the most important and dominant tree species. Therefore, expansion of B. pubescens should be a warning in bog monitoring before more dramatic ecosystem changes. Moreover, the process of succession in drained transitional peat bog created suitable conditions for the expansion of alien invasive herb -E. hieracifolia, which previously was rarely recorded in wetland ecosystems. This shows the capability of this species to invade disturbed peat bogs, which, due to recent manifestation of invasiveness, may be the new serious threat to transitional bog vegetation.
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